A comprehensive approach using hazard screening, demographic analysis, and a geographic information system (GIS) for mapping is employed to address environmental equity issues in Oregon. A media-specific chronic toxicity index [ and manganese were ranked as the top five chemicals released statewide based on total CI. In contrast, based on total mass, methanol, nickel, ammonia, acetone, and toluene were identified as the top five TRI chemicals released in Oregon. TRI facility rankings were related to the demographics and household income of surrounding neighborhoods using bivariate GIS mapping and statistical analysis. TRI facilities were disproportionately located in racial and ethnic minority neighborhoods. They were also located in areas with lower incomes compared to those in the surrounding county. No relationship was observed between the hazard ranking of the TRI facilities overall and socioeconomic characteistics of the community in which they were located.
htp://ehpnetl.niehs.nihbgov/docs/19981106p217-226neumannlabstract.btml
The purpose of this study was twofold: to rank the chronic toxic potential of environmental chemical releases reported in the EPA Toxic Release Inventory (TRI) database for Oregon and to apply these results to demographic and socioeconomic data obtained with a geographic information system (GIS). This study addresses equity issues relating to the proximity of households to individual and multiple TRI facilities releasing toxic chemicals into the environment. Many of these chemicals are associated with a diverse and wide range of potential adverse health outcomes.
In the first phase, a media-specific chronic toxicity index, or chronic index (CI), was used to rank TRI chemical releases. The TRI database was selected because it is widely available and provides comprehensive annual data on hazardous environmental chemical emissions (1) . During the 1992 TRI reporting year, Oregon ranked thirty-third in the nation based on the total pounds of TRI chemicals released on-site (e.g., air, land, and water) (2) . The (3, 4) . This system utilizes the EPA's TRI database and chronic oral toxicity factors for both carcinogens and noncarcinogens to estimate and compare the relative hazards of TRI chemical releases. This hazard screening tool was designed to improve the current ranking scheme of simply adding masses of different pollutants to obtain a total mass for a specific TRI facility or state (2) . Ranking based on mass alone can unfairly represent TRI facilities and lead to faulty pollution prevention decisions by emphasizing the volume of chemical releases without regard for properties of the chemicals (i.e., toxicity or environmental fate). Other investigators have used various toxicity weighting approaches to rank and compare environmental chemical releases (5) (6) (7) . Although these studies have merit, their approach to toxicity generally has been coarsely defined. The threshold limit value (TLV) methodology recently developed by Horvath et al. (8) is noteworthy; however, TLVs are intended for application in an occupational rather than environmental setting and may not fully protect all segments of the population (9-11).
Risk assessment is a multistage process that ultimately requires information on the toxicity of a particular chemical and its effect on human health, knowledge of the demographics and health status of the population at risk of exposure, and the most accurate information on measured or estimated exposures (current and previous exposures if one is interested in health effects with long latencies after exposure) (12) . The costs associated with conducting comprehensive risk assessment studies preclude that they be implemented whenever there is an environmental health problem. The CI only considers the components of the risk assessment process that describes hazard identification (13) . Therefore, the results of the CI are not intended to describe population or individual risk. Instead, this approach is iterative and serves as an initial screening tool to identify potential hazards and evaluate the need for further action such as exposure assessment or full risk assessment. The ranking of TRI emissions using the CI combined with knowledge about the demographics of the communities at risk of exposure such as population density, race, ethnicity, socioeconomic status, and age is an attempt to help set priorities for future risk or public health assessments, epidemiological studies, and basic research on cellular mechanisms associated with environmental health problems.
During the past 13 years, federal, state, and local government agencies, academic researchers, and environmental groups have reported that exposures to environmental pollutants are inequitably distributed among the U.S. population. Many studies have demonstrated that environmental hazards including hazardous waste sites, hazardous waste incinerators, industrial emissions, and agricultural pesticide use are disproportionately located among racial and ethnic minority populations, including Black, Asian, Native American, and Latino communities (14) (15) (16) (17) (18) .
In several instances, inequities were apparent regardless of the socioeconomic status of the residents living in the affected community (14) . Perlin et al. (15) found that household incomes actually were higher in some communities with higher industrial emissions. Previous studies have analyzed the number of hazardous waste sites or the amount ofchemical emissions within identified communities but have not compared with the overall population the toxicity of the pollutants or the extent of exposure within geographically defined areas. Earlier studies addressing issues of environmental equity generally used larger geographic units of analysis such as block groups, census tracts, or municipalities (7,15- Results of ranking individual TRI chemicals based on total CI, which considers both toxicity and mass, are presented in Table 1 . Glycol ethers had the greatest total CI of 3.5 x 109 because of the relatively large quantity released into air Volume 106, Number 4, April 1998 * Environmental Health Perspectives Articles * Hazard screening and environmental equity analysis in Oreqon (141,286 lbs) and water (59,400 Ibs) (data not shown) and relatively high toxicity (relative dose = 0.07 mg/day). In contrast, glycol ethers were ranked eighteenth based solely on total mass (Table 1) . Nickel and nickel compounds ranked second for all on-site TRI releases using either method. One facility, a nickel smelter, contributed 97% of the total CI for nickel-containing slag. The industrial solvents trichloroethylene and chloroform ranked third and fourth, respectively, based on total CI while placing eleventh and thirteenth based solely on total mass.
CIs for individual TRI chemicals were aggregated on a media-specific basis, as shown in Table 3 . Eighty-five percent (2,324,645 lbs) of all TRI chemicals released onto land could be ranked using the CI (data not shown). Following CI ranking, nickel, manganese, chromium, arsenic, and zinc compounds were identified as the top five TRI chemicals released to land (Table  3) . Nickel constituted 89% of the total mass released and 68% of the total CI calculated for the land category. With respect to air releases, 83% of the total mass released by point sources and 90% of the nonpoint air emissions could be ranked using the CI (data not shown). TRI chemicals released into the air with the greatest CI were glycol ethers, trichloroethylene, chloroform, dichloromethane, and hexachloroethane (Table 1) . Only 38% of all surface-water releases could be ranked using the CI because the TRI chemical released into water in the greatest amounts was the acute irritant ammonia (303,355 lbs or >60% of total mass), which has no chronic oral toxicity factor. Glycol ethers, arsenic, chloroform, pentachlorophenol, and methyl isobutyl ketone had the largest total CIs for TRI chemicals released into water (Table 3) . The demographics of block residents within 1.0 mile of each of the 254 facilities were compared to those of the county in which each facility was located (Table 6 ). More than 20% ofthe TRI facilities (51 sites) showed a statistically significant (p<0.001) greater percentage of blacks living within 1.0 mile of a TRI facility compared to the percentage of blacks living within the county in which the facilities were located. In addition, 23, 26, and 30% of the sites showed a greater percentage of Native American, Asian or Pacific Islander, and Hispanic populations, respectively, compared to percentages for the county's racial and ethnic characteristics. In many cases, areas showed significant changes in more than one racial minority population and, consequently, the total number of sites that showed significant increases in any minority population was not additive. Rather, there was a total of 120 TRI sites, or 47%, that showed significantly greater percentages of at least one racial minority group, i.e., black, Native American, Asian, and other races compared to the county's demographics. Because the Hispanic population is an ethnic rather than a racial category and includes people of all races, there is some duplication if these groups are added to obtain a total count. Table 9 are close to several other TRI facilities; therefore, neighboring populations are at risk from exposure to chemical emissions from multiple facilities. For example, Figure  2 demonstrates the variability in the percentage of blacks within each census block and the overlapping of GIS-defined 1.0 mile radii boundaries around the individual TRI facilities ranked by CI. The total amount of chemicals released from Site 37 (Table 9) The CI for each facility can be aggregated from multiple sites in close proximity to each other. with as many as nine TRI facilities located within 1.0 mile of a particular block centroid, they did not contain TRI facilities with large enough individual CIs to form a large total aggregated CI. Most of the census blocks induded in Table 10 are located in highly dense urban areas. The percentage of racial and ethnic minorities within some of these individual census blocks is more than three times the percentage found within the counties containing these industrial sites. However, when these blocks are aggregated into larger units, such as areas within 0.7-2 miles around individual sites as described in Table 5 , the individual blocks with higher proportions of minorities are partially masked.
Results of estimated income analysis. Statistical analysis using a paired t-test revealed that estimated block median household income for counties are substantially greater than those for areas close (within 1.0 mile) to TRI sites (t253= 5 
Discussion
We have described a comprehensive approach using hazard screening, demographic analysis, and GIS mapping to address environmental equity issues in Oregon. In the first phase of the study, environmental chemical releases reported to the EPA 1992 TRI database were ranked using a chronic toxicity index. The EPA 1992 TRI database was selected because it provides one of the most consistent and comprehensive databases of industry-reported annual chemical releases to the environment. This environmental information resource was designed to encourage pollution prevention and waste reduction by increasing public access to and knowledge of environmental chemical releases (2) . The TRI database has several limitations for environmental health research (8, 19, 30 (33) . Third, the EPCRA reporting thresholds further limit the number and type of facilities required to report to the TRI database; these thresholds indude companies that manufacture or process quantities greater than 25,000 lbs of chemicals per year, use quantities greater than 10,000 lbs/year, and/or have 10 or more employees. Therefore, companies (i.e., solvent-recovery services, dry cleaners, auto body shops) that may release substantial quantities of chemicals into the local environment are not required to report chemical emissions to the TRI database. This study uses TRI data from 1992 and demographic data collected in the 1990 Census. Between 1990 and 1992, there could have been significant individual annual changes in the TRI in both the list of companies submitting forms and the amounts of chemicals reportedly released. For example, the facility ranked fourth by CI in 1992 did not report to the 1990 TRI database, which would result in changes in aggregated demographic data around sites of interest. A major limitation of the TRI database is reliance on best professional estimates rather than measured releases. The EPA conducts only periodic inspections of facilities required to report under EPCRA These enforcement efforts are designed to improve and maintain the accuracy and completeness of the database, but they are limited in scope. Other components of the TRI database that must be verified and often corrected are the longitudinal and latitudinal coordinates of each TRI facility. After cross-checking using an address-and zip code-matching program, inaccuracies were identified in 30% of the coordinates reported in the original TRI data set for Oregon.
Hazard screening methods other than the CI have been used to rank environmental chemical releases (5) (6) (7) (8) 30 The CI method offers a refinement over existing toxicity-weighting approaches. First, it gives full priority to protecting public health, induding potential high-risk groups, by defining the toxicity of a TRI chemical according to its adverse critical health effect. The adverse critical health effect is determined by extensive peer review of both human epidemiology studies and experimental data. A noncarcinogenic reference dose below which the effect is not likely to occur is then derived for each TRI chemical (20) (21) (22) . Also, cancer potency factors are conservatively designed to protect public health and to apply to all population sectors. In contrast, Horvath et al. (8) Hazard-screening methodologies such as the CI are often limited by the availability of toxicity data for specific TRI chemicals. In the present study, 67% of all TRI chemicals (85% of the total mass) had oral toxicity factors available and thus could be ranked using the CI approach. The CI relies on oral toxicity factors because ofa lack of availability of inhalation reference doses for TRI chemicals. Inhalation reference concentrations (RfCs) would be more appropriate for ranking TRI air releases; however, less than 50 chemicals have RfCs. Recent A limitation of the CI approach is that it only considers the hazard identification step in the risk assessment process (13 Results of this study demonstrate that industrial emissions from manufacturing facilities reported in the 1992 TRI database for Oregon are disproportionately found in communities with higher percentages of minority populations and lower average incomes than the counties overall. Using block-level data from the 1990 U.S. Bureau of the Census for socioeconomic characteristics is a unique aspect of this study. Previous studies (7, (15) (16) (17) generally used for analysis larger geographic units such as block groups, census tracts, municipalities, counties, and states. Relying on demographic data from these larger geographic units can mask local variations and obscure various anomalies such as minority or low income clusters. In rural areas, block-group and tract data can apply to areas much larger than actual areas of potential contamination from an industrial site. GIS allows investigators to define distances from a given point (i.e., industrial point source) or polygon (i.e., waste site, plume, etc.) that are most appropriate for particular studies and not to depend on predefined geographic boundaries and spatial units (i.e., censustract areas). A limitation of this geographic technology, however, involves assuming homogeneity across census blocks when aggregating socioeconomic data from census-defined areas that have been split by a GIS-created boundary, such as a circular radius drawn around a point emission.
Results of past studies indicate that TRI facilities may be disproportionately located among low income groups with predominantly high minority populations (14) (15) (16) (17) . Zimmerman (17) (35) . This approach may assist in identifying communities that may warrant environmental monitoring to assess whether exposure or health hazards actually exist.
